ABSTRACT. A 6-year-old, intact male Schnauzer was referred 2-days after accidental ingestion of baked garlic. Regenerative anemia (Hematocrit 22%) and the elevated methemoglobin (8.7%) concentration were detected upon hematological examination. Eccentrocytes, Heinz bodies and ruptured red blood cells were also noted on blood smear films, which were the results from the oxidative injury of the Allium species. The dog was hypertension (systolic mean 182 mmHg) concurrent with other clinical signs, such as vomiting and dark brown urination. Treatment with continuous oxygen, antioxidant drugs and antihypertensive therapy resulted in good progress. The dog was discharged 4 days after hospitalization. There were no remarkable findings in the follow up hematologic examination 24 days after discharge, but the dog still had a high blood pressure and continued on antihypertensive therapy. No recurrence was noted and the blood pressure returned to normal levels 4 months later.
Oral administration of onion and other Allium species are known to be toxic to erythrocytes, leading to methemoglobin formation and Heinz body hemolytic aniemia [6, 12] . Among all Allium species, Allium cepa (onion), Allium porrum (leek), Allium sativum (garlic), and Allium schoenoprasum (chive) are commonly involved in toxicosis [5] . In a recent study, sodium 2-propenyl thiosulfate, which had been extracted from a boiled garlic (Allium sativum), was apparently the causative agents of garlic induced hemolysis in a dog recently [18] . Although the garlic can be toxic to dogs and other animals, relatively few reports describe poisoning associated with garlic ingestion in a dog [19] .
To our knowledge, this case represents the first published report of hypertension associated with garlic induced hemolytic anemia.
A 6-year-old, intact male Schnauzer was presented with vomiting and dark brown urination 2-days after accidentally ingesting approximately 60 g of baked garlic. On admission, the dog had pale mucous membrane with severely delayed capillary refill time (>2 capillary refill times), and was depressed. A systolic hypertension (182 mmHg) with concurrent high diastolic (125 mmHg) and mean pressure (157 mmHg) was noted (Cardell Model 9401, Sharn Veterinary Inc., Tampa, FL, U.S.A. (Fig. 1 ).
There were occasional eccentrocytes, Heinz bodies and ruptured red blood cells ( Fig. 2A and 2B ). The collected blood was moderately brown in color and the brown reddish plasma from hemolysis was noticed ( Fig. 2C-2 ). Serum chemistry profiles showed an electrolyte imbalance with hypokalemia (2.5 mmol/l; reference range, 3.5-5.5 mmol/l), hyperchloremia (127 mmol/l; reference range, 105-115 mmol/l) and hypernatremia (155 mmol/l; reference range, 140-150 mmol/l). The dog showed metabolic acidosis (pH 7.209; reference range, 7.30-7.45, HCO 3 15.5 mmol/l; reference range, 18-26 mmol/l). Hyperproteinemia (8.16 g/dl; reference range, 5.4-7.4 g/dl) was noticed due to dehydration and several enzymes relating to the hepatobiliary system were all elevated (Table 1) . Activated partial thromboplastin time (APTT) was mildly delayed (18.7 sec; reference range, 12-18 sec), while prothrombin time (PT) was within reference ranges (6.4 sec; reference range, 6.2-8.2 sec). The measurement of met-Hb on the first day based on the method from Hegesh et al. [10] was found to be 8.7% (reference range, <1%). Urinalysis revealed proteinuria and hematuria. Urine specific gravity was decreased to 1.008 (reference range, 1.015-1.045).
The patient was initially treated with continuous oxygen and intravenous lactated Ringer's solution. Antiacid agent (cimetidine; Choong Wae pharm, Corp., Seoul, Korea), 10 mg/kg, was used intravenously and 400 IU/dog, Vitamin E (Grandpherol; Yuhan, Seoul, Korea) was administered orally as an antioxidant. Angiotensin-converting enzyme (ACE) inhibitor (ramipril; Sandoz Korea, Hexal AG, Holzkirchen, Germany, 0.125 mg/kg, once daily, PO) and diuretics (furosemide; Han Dok, Seoul, Korea, 0.5 mg/kg, twice daily, PO) was used to treat hypertension. The day after admission, Hct decreased to 22% after resolving the dehydration. Whole blood transfusion was given on that day (22 ml/kg) and N-acetylcysteine (muteran; Hanwha pharm, Seoul, Korea, 140 mg/kg then 70 mg/kg q6h PO for 5 doses) was administered to increase glutathione synthesis in the liver, acting as an antioxidant. Other therapies were continued at the same dosage. In the following two days, Hct increased to 34% and other hematological values also resolved to normal levels. Clinical signs were improved and the dog started to eat. The blood pressure started to decreased (systolic 168 mmHg) and the dog was discharged after 4 days of hospitalization. Oral administration of antioxidant and antihypertensive drugs were continued. On day 10, Hct remained at 34% and the met-Hb decreased to 1.9%. Blood pressure decreased to 160 mmHg (systolic mean) and the patient's activity and appetite returned to normal. The medications were continued until day 24 after admission and subsequent examination revealed almost normal hematologic values including Hct (43%). However, the dog still had a high blood pressure (systolic mean 150 mmHg), which was decreased when compared to the first measurement (Fig. 1) . Except the antihypertensive drugs, other medications were discontinued. At a three-month follow up, blood pressure was returned to normal (systolic mean 131 mmHg) and the patient discontinued antihypertensive medications. No recurrence was noticed one month later. Generally, systemic hypertension in dogs can be divided into two classes. A disease process elevates systemic blood pressure (secondary hypertension) or high blood pressure can occur in association without other causative disease (essential hypertension) [2, 4, 9, 13] . Stress or anxiety can also increase blood pressure measurements [11] . Many conditions are associated with increased blood pressure in dogs [4] , but acute or chronic kidney disease, hyperadrenocorticism, diabetes mellitus, primary hyperaldosteronism, phenochromocytoma, and hyperthyroidism were excluded by clinical history, diagnostic imaging of adrenal gland and laboratory examinations such as serum chemistry profiles and urinalysis. In this case, electrolyte imbalance was observed at the first visit, especially hypokalemia. Hypokalemia could often induce hypokalemic nephropathy, which is closely related to long-period hypokalemia [15] . The electrolyte imbalance was corrected 3 days after visit (Table 1 ) and electrolytes remained within the normal range even though the high blood pressure. Thus, we ruled out the effects of the electrolyte to the blood pressure such as hypokalemic nephropathy. Heart failure also cause hypertention in dogs [4] , and there was no evidence of heart failure in this dog through continual auscultation and electrocardiogram. Therefore, the systemic hypertension in this case appears to be a complication of hemolysis and metHb formation.
Generally, intravascular hemolysis leads to the increase in the reactivity of cell-free plasma hemoglobin with nitric oxide (NO), which results in efficient NO scavenging [14, 17] . NO regulates the homeostastic vascular functions such as vasodilation, and is synthesized from the endothelium [14] . The NO dysregulation and endotherlial damage due to hemolysis may result in systemic vasoconstriction and impaired renal function [14, 17] . However, garlic induced hemolysis is associated with met-Hb, which might not have NO scavenging effect [14] . Met-Hb is a reversible oxidation product of hemoglobin that can not carry oxygen resulting in decreasing tissue oxygenation [6, 12] . Methemoglobinemia induces hypoxia [3] and episodic hypoxia may prompt activating sympathetic nervous system and vasoconstriction which cause systemic hypertension [7, 8] . The dog showed clinical signs of methemoglobinemia such as depression, vomiting, metabolic acidosis, and increased met-Hb concentration were detected. Garlic intoxication with systemic hypertension as observed in the present case seems to occur due met-Hb related hypoxia associated with a vasoconstriction and increased sympathetic nervous system. Furthermore, this mechanism seems to up-regulate renin-angiotensin system, which plays an important role in regulation of blood pressure. Formed met-Hb also precipitated in the kidney, forming distal cast [17, 20] . This could worsen ischemic renal failure. Indeed, one case report explained severe hemolysis should be considered a cause of rapidly progressive glomerulonephritis by which hemolysis could induce extracapillary proliferation with unknown mechanism [1] .
In this case report the garlic intoxication related hemolytic episode was demonstrated by severe anemia, met-Hb measurement, eccentrocytes, Heinz-body formation and dark brown urination. It is known this type of hemolytic episode affects the kidney directly and indirectly but its effect on systemic blood pressure has not yet been documented. To our knowledge, this case represents the first report of reversible systemic hypertension associated with garlic induced hemolytic anemia. Hemolytic anemia after ingestion of garlic was not a common case. Thus, this case report has some limitations. The exact NO plasma levels, arterial oxygen saturation and accurate blood pressure monitoring study is needed to clarify the mechanism and discover the reversed time of the blood pressure within normal range. Systemic hypertension associated with hemolysis was clinically important. The use of antihypertensive drugs in the early stages of treatment may have prevent the further complication of the disease and resulted in a good prognosis in this case.
